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Introduction
The current and future runs at the LHC will deliver a conspicuous amount of data, which will be used to extend searches for Beyond Standard Model (BSM) physics in the high energy region and will allow precise measurements to test the Standard Model (SM) in the low energy regime. The Parton Distribution Functions (PDFs) are a necessary fundamental tool that is required in order to compare the data with theoretical predictions. The precision in the determination of the PDFs is a crucial factor in the evaluation of theoretical systematics. Improving the determination of the PDFs is therefore an important task, which will be carried out by adding new LHC data and by including additional observable that would serve the purpose.
In this work, we study the impact from the inclusion of Drell-Yan (DY) di-lepton data in the form of Forward-Backward Asymmetry (A FB ) in the determination of PDFs. It was already shown that this observable can provide constraints on the PDFs [1, 2] and here we quantify this effect by using the open source platform xFitter [3] for the profiling of various sets of PDFs [4] . We employ A FB pseudodata with a statistical precision corresponding to different integrated luminosities ranging from 30 fb −1 to 3000 fb −1 .
Details of the analysis
We started by implementing a suitable C++ code for the calculation of the A FB at Leading Order (LO) and integrating it into the xFitter environment. Drell-Yan production of di-lepton pair is mediated by the exchange of a photon or a Z boson, and the A FB is defined as
At LO, the angle θ * is defined according to the direction of the incoming quark, which is assumed to be given by the direction of the boost of the final state di-lepton pair [5, 6, 7, 8, 9 ]. Subsequently we included NLO corrections to the observable, employing suitable NLO grids obtained with MadGraph5_aMC@NLO [10] interfaced to APPLgrid [11] through aMCfast [12] . At NLO the angle θ * is defined is defined in the Collins-Soper (CS) frame [13] as
with p
, the index i = 1, 2 labeling the positive and negative charged lepton respectively. E and p Z are the energy and the z-components of the leptonic four-momentum, respectively; p Z,ℓℓ is the di-lepton z-component of the momentum and p T,ℓℓ is the di-lepton transverse momentum.
The cross sections appearing in Eq. 2.1 are calculated in the fiducial region, i.e. applying the standard kinematical cuts to simulate the detector acceptance (|η ℓ | < 2.5 and p ℓ T > 20 GeV). A set of datafiles has been generated for each PDF set under analysis. They contain the predictions for the observable in the invariant mass range 45 GeV < M ℓℓ < 200 GeV with a bin width of 2.5 GeV, and the projected statistical error, obtained following
where the number of events N includes an acceptance times efficiency factor of the order of ∼20% [14] and NNLO QCD corrections included by adopting a mass dependent k-factor [15, 16] . The datafiles have been generated fixing the collider centre-of-mass energy at 13 TeV and for three values of integrated luminosity (30 fb −1 , 300 fb −1 and 3000 fb −1 ). Furthermore we also considered the effects on the PDF profiling from the application of rapidity cuts on the di-lepton system. For this purpose, datafiles have been generated with |y ℓℓ | > 0 (no rapidity cut), |y ℓℓ | > 1.5 and |y ℓℓ | > 4.0. The profiling technique [17] is based on minimizing χ 2 between data and theoretical predictions. It assumes that the new data are compatible with the theoretical predictions using the existing PDF set and, under this assumption, the central values of the data points are set to the central values of the theoretical predictions. No theoretical uncertainties except the PDF uncertainties are considered when calculating the χ 2 .
Profiled PDFs with A FB
In this section we present the results for the profiling of various PDF sets when including A FB measurements. In Fig. 1 we show the results of the profiling on the CT14nnlo [18] PDF set. The error bands obtained with this PDF set have been rescaled to 68% CL for a consistent comparison with the results obtained for other PDF sets. We display the error bands for the normalised distribution of u-valence, d-valence, u-sea and d-sea quarks. The profiled curves are obtained including A FB data with a statistical error corresponding to integrated luminosities of 30 fb −1 (blue), 300 fb −1 (green) and 3000 fb −1 (orange). The u-valence and the d-valence quark distributions show the largest sensitivity to the new data, especially in the region of intermediate and low momentum fraction x. Sea quark distributions also exhibit some improvement, particularly in the region of intermediate x for high luminosity. In a similar way, in Fig. 2 we show the profiled curves for the PDF sets (rows from top to bottom) NNPDF3.1nnlo (Hessian set) [19] , MMHT2014nnlo [20] , ABMP16nnlo [21] and HERA2.0nnlo (EIG) [22] , obtained including A FB data with a projected statistical error corresponding to an integrated luminosity of 300 fb −1 . The ABMP16nnlo and HERA2.0nnlo sets appear to be the most sensitive to the new data, especially in the distributions of u-valence and d-valence quarks in the region of low and intermediate x, while less improvement is visible in the sea quarks distributions. The NNPDF3.1nnlo and MMHT2014nnlo sets also show some improvement in the in the region of low to intermediate x for the valence quarks distribution, while also a visible improvement is observed in the u-sea (especially for NNPDF3.1nnlo) and in the d-sea (especially for MMHT2014nnlo) error bands.
In Fig. 3 we show the effects of the application of low rapidity cuts on the data on the profiled error bands of the HERA2.0nnlo PDF set, using A FB data with a statistical error corresponding to an integrated luminosity of 3000 fb −1 . We display the results for the distribution of u-valence, d-valence and their combination (u + d)-valence quarks, using data where rapidity cuts of |y ℓℓ | > 0 (blue), |y ℓℓ | > 1.5 (green) and |y ℓℓ | > 4.0 (orange) have been applied. In the latter case the analysis is performed using A * FB predictions at LO and pseudodata generated in the invariant mass range 80 GeV < M ℓℓ < 200 GeV and with a bin size of 1 GeV. Furthermore, in order to explore the very high rapidity region, we have extended the detector acceptance region up to pseudorapidity |η ℓ | < 5. When comparing the profiled error bands obtained with |y ℓℓ | > 0 and |y ℓℓ | > 1.5, we observe a remarkable improvement in the distribution of the valence quarks, especially in the region of low x, which is then reflected in the combination (u + d)-valence. On the other hand, the curve obtained with a rapidity cut |y ℓℓ | > 4.0 shows an overall weaker profiling compared to the previous cases. This is mostly due to the reduced statistic consequence of the stronger phase space cut. However here the data allows to access higher x and we can appreciate a reduction of the uncertainty error bands concentrated in that region. We therefore find that new PDF sensitivity arises from the dilepton mass and rapidity spectra of the AFB (which has traditionally been used for determination of the weak mixing angle, see e.g. [23, 24, 25, 26, 27, 28, 29] and references therein).
Conclusions
The new data from the LHC Runs 2 and the upcoming Run 3 and HL-LHC stages will provide important information to constrain non-perturbative QCD effects from PDFs. DY data in particular can be exploited both in the form of cross section and asymmetry. The latter contains a complementary information with respect to the cross section and it also encodes information on the lepton polar angle, or pseudorapidity.
We have considered the constraints on PDFs from the inclusion of A FB data, implementing this observable in the xFitter framework and obtaining profiled curves to assess the impact of the new data. Suitable pseudodata have been generated for such purpose for various PDF sets, projecting current and future statistical precision of the measurements with integrated luminosities of 30 fb −1 , 300 fb −1 and 3000 fb −1 .
We have observed a significant improvement of PDF uncertainties, especially in the valence quarks distribution in the low and intermediate x region. Some amelioration has been also obtained in the sea quarks distributions when employing high statistics data. We have evidenced substantial differences in the results obtained for the different PDF sets.
Furthermore, we have studied the impact of rapidity cuts on the di-lepton system, and we noted that by these means we can further improve PDF distributions in the high x region. FB pseudodata at L = 3000 fb −1 applying rapidity cuts of |y ℓℓ | > 0 (blue), |y ℓℓ | > 1.5 (green) and |y ℓℓ | > 4 (orange) respectively. In the latter case the analysis is performed at LO and acceptance region of the detector has been enlarged up to |η ℓ | < 5.
